Genomic DNA was isolated using a bacterial genomic kit (DP02-150; GeneMark Technology), and the 16S rRNA gene sequence was analysed as described previously by Chen et al. [2] . Primers fD1 (5¢-AGAGTTTGATCCTGGC TCAG-3¢) and rD1 (5¢-AAGGAGGTGATCCAGCC-3¢) were used for amplification of bacterial 16S rRNA genes by PCR. These primers correspond to nucleotide positions 8-27 and 1525-1541 of the Escherichia coli 16S rRNA gene, respectively, and can be used for amplifying the nearly fulllength 16S rRNA gene. The PCR product was purified, and direct sequencing was performed by using sequencing primers fD1, rD1, 520F and 800R [3, 4] with an ABI Prism 3730 DNA sequencer (Applied Biosystems). The sequenced length of the 16S rRNA gene was 1427 bp for strain T , and this gene sequence was compared with those available from EzTaxon-e [5] , the Ribosomal Database Project [6] and the GenBank database (http://blast.ncbi.nlm.nih. gov/Blast.cgi.). Analysis of the sequence data was performed by using the software packages BioEdit [7] and MEGA 7 [8] , after multiple alignments of the data by CLUSTAL X version 2.0 [9] . The resulting multiple sequence alignment was Downloaded corrected manually, and gaps at the 5¢ and 3¢ ends of the alignment were omitted for further analyses. Distances (corrected according to Kimura' s two-parameter model; [10] ) were calculated, and clustering was performed with the neighbour-joining method [11] . The maximum-likelihood [12] , maximum-parsimony [13] and minimum-evolution [14] trees were generated by using the treeing algorithms contained in the PHYLIP software package [15] . In each case, bootstrap values were calculated on the basis of 1000 replications.
Comparative 16S rRNA gene sequence analysis confirmed that strain T showed the highest 16S rRNA gene sequence similarity with clone HTG2 (99.1 %; GenBank accession number AF418961) from a freshwater reservoir. And, the sequence of strain AHQ-12
T was highly similar to those of clone LC01 (97.2 %; JF733411) from a black fly, clone 4.13m3 (97.3 %; JN695853) and clone 4.6m1 (96.9 %; JN679136) from a membrane bioreactor. The most closely related genera were Ralstonia (89.7-90.8 % sequence similarity), Cupriavidus (88.8-90.3 %), Polynucleobacter (88.2-89.5 %), Burkholderia (86.6-90.3 %), Pandoraea (89.2-90.1 %), Chitinimonas (89.2-89.7 %), Limnobacter (88.4-89.4 %) and Mycoavidus (89.4 %) in the family Burkholderiaceae. The phylogenetic analyses based on 16S rRNA gene sequences showed that strain AHQ-12
T formed a distinct phylogenetic lineage with clone HTG2, clone LC01, clone 4.13m3 and clone 4.6m1 in the family Burkholderiaceae within the order Burkholderiales in the neighbour-joining tree (Fig. 1) . The overall topologies of the maximum-likelihood and maximum-parsimony trees were similar (see Figs S1 and S2, available in the online Supplementary Material). These findings were confirmed by analysis based on the minimum-evolution algorithm (see Fig. S3 ).
The morphology of bacterial cells was observed by phasecontrast microscope (DM 2000; Leica) and transmission electron microscopy (H-7500; Hitachi) (see Fig. S4 ) using cells grown in R2A broth at 25 C for lag, exponential and stationary phases of growth. Cellular motility was tested by the hanging drop method [16] . The Gram Stain Set S (BD Difco) kit and the Ryu non-staining KOH method [17] were used for testing the Gram reaction. The presence of a capsule was assessed using the Hiss staining method [16] . Colony morphology was observed on R2A agar using a stereoscopic microscope (SMZ 800; Nikon). Poly-b-hydroxybutyrate granule accumulation was examined under light microscopy after staining of the cells with Sudan black [18] and visualized by UV illumination after directly staining growing bacteria on plates containing Nile red [19] .
The pH range for growth was determined by measuring the optical densities (wavelength 600 nm) of cultures in R2A broth. The pH was adjusted prior to sterilization to pH 4-9 (at intervals of 1.0 pH unit) using appropriate biological buffers [20] : citrate/Na 2 HPO 4 buffer, pH range 4.0-5.0; phosphate buffer, pH range 6.0-7.0; Tris buffer, pH range 8.0-9.0. Verification of the pH values after autoclaving revealed only minor changes. The temperature range for growth was determined in R2A broth at 4-50 C (4, 10, 15, 20, 25, 30, 35, 37, 40, 45 and 50 C) . To investigate the tolerance to NaCl, R2A broth was prepared according to the formula of the BD Difco medium with NaCl concentration adjusted to 0, 0.5 and 1.0-6.00 %, w/v (at intervals of 1.0 %). Growth under anaerobic conditions was determined after incubating strain AHQ-12
T on R2A agar and on R2A agar supplemented with nitrate (0.1 % KNO 3 ) in the Oxoid AnaeroGen system. Growth was tested on nutrient agar, trypticase soy agar, R2A agar and LB agar (all from Difco).
Strain AHQ-12
T was examined for a broad range of phenotypic properties. Activities of catalase, oxidase, DNase, urease and lipase (corn oil), and hydrolysis of starch, casein, gelatin and Tweens 20, 40, 60 and 80 were determined using standard methods [21] . Chitin hydrolysis activity was determined by chitinase-detection agar (CDA) plates. Chitin hydrolysis was visualized by the formation of clear zone around the colonies in CDA plates. CDA plates were prepared as described earlier by Wen et al. [22] . Hydrolysis of CM-cellulose was tested according to the method described by Bowman [23] using R2A agar as the basal medium. Additional biochemical tests were performed using API ZYM and API 20NE kits (both from bioM erieux), and carbon source utilization was evaluated using the GN2 microplate (Biolog). All commercial phenotypic tests were performed according to the manufacturers' recommendations.
Sensitivity of strain AHQ-12
T to antibiotics was tested by the disc diffusion method after spreading cell suspensions (0.5 McFarland) on R2A agar. The discs (Oxoid) contained the following antibiotics: ampicillin (10 µg), chloramphenicol (30 µg), gentamicin (10 µg), kanamycin (30 µg), nalidixic acid (30 µg), novobiocin (30 µg), rifampicin (5 µg), penicillin G (10 U), streptomycin (10 µg), sulfamethoxazole (23.75 µg) plus trimethoprim (1.25 µg), and tetracycline (30 µg). The effect of antibiotics on cell growth was assessed after 2 days at 25 C. The strain was considered to be susceptible to an antibiotic when the diameter of the inhibition zone was <12 mm, moderately susceptible at 10-12 mm and resistant at >10 mm as described by Nokhal and Schlegel [24] . Strain AHQ-12
T was resistant to penicillin G and ampicillin, and sensitive to chloramphenicol, gentamicin, rifampicin, kanamycin, tetracycline, novobiocin, streptomycin, nalidixic acid and sulfamethoxazole plus trimethoprim.
To analyse whole-cell fatty acid composition, strain AHQ-12 T was grown on R2A agar at 25 C for 2 days. Fatty acid methyl esters were prepared and separated according to the standard protocol of MIDI (Sherlock Microbial Identification System, version 6.0), analysed by GC (5890 Series II; Hewlett-Packard) and identified by using the RTSBA6.00 database of the microbial identification system [25] . The detailed fatty acid contents of strain AHQ-12 T were C 12 : 0 (2.8 %), C 14 : 0 (1.6 %), C 16 : 0 (19.9 %), C 18 : 0 (1.0 %), iso-C 11 : 0 (4.0 %), iso-C 15 : 0 (3.7 %), iso-C 17 : 0 (7.1 %), iso-C 17 : 1 !9c (3.4 %), C 18 : 1 !7c (6.7 %), C 14 : 0 3-OH (2.5 %), iso-C 13 : 0 3-OH (3.6 %), iso-C 15 : 0 3-OH (5.1 %) and summed feature 3 ( T and closely related taxa within the order Burkholderiales. Numbers at nodes are bootstrap percentages >70 % based on the neighbour-joining (above nodes) and maximum-parsimony (below nodes) tree-making algorithms. Filled circles indicate branches of the tree that were also recovered using the maximum-likelihood and maximum-parsimony tree-making (Table S1 ). The major cellular fatty acids of strain AHQ-12 T (<10 %) were summed feature 3 (comprising C 16 : 1 !7c and/ or C 16 : 1 !6c) and C 16 : 0 .
Polar lipids were extracted and analysed by two-dimensional TLC according to the method of Embley and Wait [26] . Molybdophosphoric acid was used for the detection of the total polar lipids, ninhydrin for amino lipids, the Zinzadze reagent for phospholipids, the Dragendorff reagent for choline-containing lipids and the a-naphthol reagent for glycolipids. Strain AHQ-12
T exhibited a complex polar lipid profile consisting of phosphatidylethanolamine, phosphatidylglycerol, diphosphatidylglycerol, two uncharacterized aminophospholipids and three uncharacterized lipids and (see Fig. S5 ).
Polyamines were extracted from strain AHQ-12
T , and analysis was carried out as described by Busse and Auling [27] and Busse et al. [28] . Cells were cultivated in R2-PYE medium (l À1 : 0.75 g peptone from casein, 0.75 g yeast extract, 0.3 g K 2 HPO 4 , 0.024 g MgSO 4 , pH 7.2) at 25 C for 3 days and homogenized in 0.2 M perchloric acid (HClO 4 ) and centrifuged. Polyamines in the resultant supernatant were analysed by HPLC on a D-7000 high-speed liquid chromatograph (Hitachi). Strain AHQ-12 T contained cadaverine as the major polyamine.
Isoprenoid quinones were extracted and purified according to the method of Collins [29] and were analysed by HPLC. The respiratory quinones of strain AHQ-12
T were ubiquinone-8 (Q-8; 81.5 %), ubiquinone-10 (Q-10; 18.3 %) and ubiquinone-9 (Q-9; 0.2 %). The DNA G+C content of strain AHQ-12 T , determined by HPLC according to the method of Mesbah et al. [30] , was 50.4±1.0 mol%.
Detailed results of physiological, biochemical and morphological characterization of strain T are provided in the genus and species descriptions and Table 1 . Several morphological, physiological and biochemical properties, such as colony pigmentation, cell shape, absence of cell motility, chemotropic and aerobic growth, inability to grow at lower temperatures (<10 C) or at higher temperatures (38-55 C), inability to grow with 2-4 % NaCl, presence of oxidase and catalase activities, and inability to reduce nitrate to nitrite, distinguished strain AHQ-12
T from all members of the phylogenetically related genera in family Burkholderiaceae, such as Ralstonia, Cupriavidus, Polynucleobacter, Burkholderia, Pandoraea, Chitinimonas, Limnobacter and Mycoavidus (Table 1) . More importantly, strain AHQ-12 T could also be differentiated from members of the family Burkholderiaceae on the basis of chemotaxonomic characteristics, such as the distinctive major fatty acids and the DNA G+C content (Table 1) . Additionally, the fatty acid profile of strain T is compared with members of the most phylogenetically closely related genera in Table S1 . C 16 : 0 was commonly found as a major component in the type strains of phylogenetically related genera in the family Burkholderiaceae. Summed feature 3 (comprising C 16 : 1 !7c and/or C 16 : 1 !6c) was also commonly found as a major component in most type strains except Burkholderia cepacia EY645
T and Pandoraea apista LMG 16407 T . However, B. cepacia EY 645
T and Pandoraea apista LMG 16407 T had significant amounts of cyclopropane acids such as C 17 : 0 cyclo and C 19 : 0 cyclo !8c, but these two fatty acids were not detected in strain AHQ-12
T . In addition, several branched fatty acids such as iso-C 11 : 0 , iso-C 15 : 0 , iso-C 17 : 0 and iso-C 17 : 1 !9c and hydroxyl fatty acids such as iso-C 13 : 0 3-OH and iso-C 15 : 0 3-OH were found in strain AHQ-12
T only, and not in the other type strains.
It is now generally accepted that 16S rRNA gene sequence similarities between two bacteria of less than 95 % are an indication of affiliation to different genera [31] . Strain AHQ-12
T most likely represents a species of a new genus, since the 16S rRNA gene sequence similarity to its closest relatives with validly published names, Ralstonia insidiosa AU2944 T and Cupriavidus basilensis CCUG 49340 T , is only 90.3-90.8 %. Moreover, strain AHQ-12 T can be readily distinguished from these closest phylogenetic neighbours by chemotaxonomic, physiological and biochemical characteristics. And, the low levels of 16S rRNA gene sequence similarity between strain AHQ-12
T and all other members of the family Burkholderiaceae together with differential phenotypic properties ( Table 1 ), suggest that strain AHQ-12 T represents a novel species of a new genus within the family Burkholderiaceae, for which the name Formosimonas limnophila gen. nov., sp. nov. is proposed.
DESCRIPTION OF FORMOSIMONAS GEN. NOV.
Formosimonas (For.mo.si.mo¢nas. N.L. fem. n. Formosa the island of Taiwan; L. fem. n. monas a unit, monad; N.L. fem. n. Formosimonas a monad from Formosa, Taiwan).
Cells are Gram-staining-negative, aerobic, non-spore-forming, non-motile rods. Oxidase and catalase are positive. The predominant quinone is Q-8. Major cellular fatty acids (>10 %) are summed feature 3 (comprising C 16 : 1 !7c and/or C 16 : 1 !6c) and C 16 : 0 . Phosphatidylethanolamine, phosphatidylglycerol, diphosphatidylglycerol, two uncharacterized algorithms. Open circles indicate that the corresponding nodes were also recovered in the tree generated with the maximum-parsimony algorithm. Bar, 0.01 substitutions per nucleotide position. The order Burkholderiales has five recognized families based on 16S rRNA gene sequence analysis: Alcaligenaceae, Burkholderiaceae, Comamonadaceae, Oxalobacteraceae and Sutterellaceae (List of Prokaryotic Names with Standing in Nomenclature; www.bacterio.net/burkholderiales.html). In addition, several genera such as Aquabacterium, Aquincola, Ideonella, Inhella, Leptothrix, Methylibium, Mitsuaria, Paucibacter, Piscinibacter, Rivibacter, Rubrivivax, Sphaerotilus, Tepidimonas, Thiobacter, Thiomonas and Xylophilus are placed in incertae sedis (of uncertain position) belonging to unclassified members of the order Burkholderiales (www.bacterio.net/-classifphyla.html). Funding information
